The cratonic region of the Tarim Basin contains two main Lower Paleozoic source rocks-the Middle-Upper Ordovician and Lower-Middle Cambrian. However, few research focus on the relation between the evolution of hydrocarbon kitchens and its role in controlling oil and gas. Based on previous research results, this paper applies geochemical parameters of rock pyrolysis, hydrocarbon expulsion threshold theory and hydrocarbon-generated potential methods to identify the effectiveness of source rocks from the Lower Paleozoic while quantitatively calculating the hydrocarbon expulsion intensities and amounts for the two sets of source rocks. The above result is used to analysis the distribution of the effective hydrocarbon kitchen in each primary history stage and the controls on oil and gas. This study shows multiple phases of oil and gas generation and expulsion from the Cambrian-Ordovician source rocks with four oil-generating peaks with large-scale oil migration and accumulation. According to the changes in hydrocarbon expulsion intensity within different stages, we can elucidate the evolution of the source kitchens, because the hydrocarbon kitchens from the two sets of source rocks migrated in time and space, and there are multiple hydrocarbon expulsion centers. Based on the concept of the oil/gas threshold distribution model, the relation between the quantitative characterization of the hydrocarbon kitchen controlling function, and quantitative prediction of reservoir formation probability is studied, and the result shows that oil and gas reservoirs are located in more than 50% probability of controlling area. However, different periods and different layers of stacked hydrocarbon kitchen is complex and causing the main mixing of oil and gas. All these hydrocarbon expulsion centers had control over the distribution of oil and gas in the basin. From a macro and quantitative point of view, this discovery will provide certain guide for oil and gas exploration.
INTRODUCTION
The Tarim Basin is a large composite basin formed by a Paleozoic marine cratonic basin and a Cenozoic foreland basin (Fu et al., 1984; Graham et al., 1990; Liu et al., 2010) . The reservoir has undergone several phases of structural deformation, and may have undergone multiple periods of hydrocarbon generation, accumulation and migration (Huang et al., 1999; Xiao et al., 2000; Yang et al., 2003; Huang., 2005: Wang et al., 2011) . The complexity of the Tarim Basin makes the study of petroleum geology difficult throughout the Cratonic area. Cambrian-Ordovician rocks in the region previously have been recognized to be important hydrocarbon source rocks (Graham et al., 1990; Wang et al., 1992; Li et al., 1996; Xiao et al., 1996; Zhang et al., 2005; Wang et al., 2005; Jiao et al., 2010) . However, there are few reports on these source rocks, especially regarding the evolution of the associated hydrocarbon kitchens. Most studies in this field are focused on marine source rock evaluation criteria , the abundance of source rocks, types of organic matter within these rocks, and the relationship between the type of organic matter and formation environments (Cai et al., 2001; Wang et al., 2002; Wang et al., 2004; Hanson et al., 2000) . Presently, there is considerable lack of information on regional hydrocarbon kitchens, as well as hydrocarbon generation and expulsion centers in the Tarim Cratonic Basin. In this work, the hydrocarbon expulsion characteristics, such as hydrocarbon expulsion intensity and quantity, of two sets of hydrocarbon source rocks [Lower-Middle Cambrian (C 1 + 2 ) and Middle-Upper Ordovician (O 2 + 3 )] were studied based on the threshold of hydrocarbon expulsion theory and hydrocarbon generation potential. Information regarding the evolution and distribution of the effective hydrocarbon source kitchens provides a theoretical guide to identify hydrocarbon reservoir formation intervals, and to predict favorable areas for petroleum exploration and evaluation of resources.
ACCUMULATION OF MARINE OIL AND GAS IN THE TARIM CRATONIC BASIN
The Tarim Cratonic Basin refers to a region of Paleozoic marine strata (Gu et al., and migration. Zhao et al. (1997) , He et al. (2002) , Sun et al. (2003) , Wang et al. (2003) suggested that the main hydrocarbon source rocks are in the Lower-Middle Cambrian, while Zhang et al. (2000 Zhang et al. ( , 2005 considered that Middle-Upper Ordovician source rocks are also important, a similar conclusion was drawn by Hanson et al. (2000) . We and other authors believe that mixing and multiple charge episodes have complicated the results of these oil source rock correlation studies (Peng et al., 2002; Wang et al., 2003; Se et al., 2007; Ma et al., 2005; Cai et al., 2009; Li et al., 2009) . Thus, available oil-source rock correlation results have shown that petroleum may be derived mainly from the Lower-Middle Cambrian and the Middle-Upper Ordovician marine strata (Table 1) .
Distribution and development characteristics of source rocks
Lower-Middle Cambrian source rocks occur widely in the Cratonic area. Two types of good source rocks develop in the passive margin and intra-shelf depressions, with an extent of about 20 × 104 km 2 . The former is distributed primarily in the Ta Dong area, and the latter is distributed primarily on the western side of the Tabei uplift, the Awat depression, the Bachu area, the Maigaiti slope and the Tonguzibasi sag (Fig. 2a) . The Middle-Upper Ordovician source rocks are of small areal extent and occur within a single horizon. Excellent source rocks with a high abundance of organic matter are developed in the marginal slopes of the carbonate platforms and open bay or gulf facies. The former is distributed in the Tazhong low uplift, Bachu Fault-Uplift and the Lunnan low uplift slope, and occurs with the deposition of the lower Ordovician sequence. It is also found in the Gucheng nose-uplift in Middle Ordovician strata and the Bachu fault-uplift in Middle-Upper Ordovician strata, mainly in the Tazhong low uplift. The latter is distributed mainly in the Keping
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fault-uplift and the main stem of the Awati Depression, including the Sal Group (O 2−3 s) and Yingan Group (O 3 y) ( Fig. 2b and 2c ).
Thermal evolution characteristics
Cambrian source rocks experienced a high degree of evolution with an incomplete compensational base to the over-matured stage according to the classic theory and modeling on the hydrocarbon generation by kerogen thermo-decomposition (Tissot and Welte, 1984; Sun et al., 2005) . Cambrian source rocks in the endogenous platform are in the highly over-matured stage, with organic matter maturity (R o ) in the range of 2.0%-4.9% (Fig. 3a) . The maturity of source rocks in the Middle Ordovician was controlled by burial history, with depths varying greatly from the eastern to western parts of the Tazhong uplift, and R o between 1.0%-2.9%. In general, Ro's mostly between 0.81%-1.2% belong to the peak oil-generating phase. The Tabei and Bachu uplifts belong to the peak oil generation and late oil-generating window stages, with R o in the range of 0.89%-1.9% (Fig. 3b) . Source rocks occur in the Upper Ordovician sequence, with R o in the range of 0.5%-1.2%, belonging to the high maturity category (Fig. 3c ). These characteristics indicate that great amounts of oil and gas have been generated and expelled.
Geochemical characteristics of source rocks
Statistical data of samples show that the effective source in carbonate rocks is mainly limestone, with an average TOC of 0.81%, and mudstones have an average TOC of 1.00%, indicating that the region hosts good hydrocarbon source rocks (Fig. 4a) . The Cambrian to Lower Ordovician effective source rocks are composed of gray to gray-black shale, thin bedded biolimestone, and marly micrite, with a Example (Ref. Zhao et al., 1997; Wang et al., 2003; Zhang et al., 2000; Peng et al., 2002; Xiao et al., Oil- (Baskin, 1997) (Fig. 4b) . 
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MULTIPLE OIL AND GAS GENERATION AND EXPULSION EVENTS
Burial history of single wells
Typical one-dimensional basin simulations in Tazhong area show TZ401 wells mainly underwent three major subsidences and uplifts (Fig. 5 ). This indicates that in the long geological history, the basin experienced multi-periods of subsidence, uplift and erosion, leading to changes in paleo-temperatures in the basin. These changes resulted in multi-stage source rock generation and expulsion intervals.
Plane tectonic evolution history
The Cratonic area experienced multiple orogenies, due to uneven compressional stress and an unbalanced nature of tectonism, which resulted in distinct tectonic movements in different periods within the Tarim Basin (Kang et al., 1996; Yang et al., 1997; He et al., 2002) . Caledonian movement is important for the formation and evolution of the Tarim Basin, resulting in the stable pattern of the basic shape, which developed two sets of Cambrian and Ordovician source rocks (Fig. 6a) . Through Hercynian tectonics, the two uplifts of Tabei and Tazhong occurred, and the Manjiaer depression expanded, with transformation characteristics mainly manifested the Ordovician suffered erosion and reconstruct of faults in Lunnan and Tazhong area to form good reservoir rocks. At the same time, the lower Paleozoic of the Gucheng nose-uplift was eroded, and the ancient reservoir was destroyed (Fig. 6b) . During late Indo-Chinese tectonic movement, the Manjiaer depression continued to move toward the west. The Tabei remnants uplift and Tadong erosional unconformity were formed by transform fault movement (Fig. 6c) . In the 
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Himalayan period, the entire basin was clearly different between the north and south, that is Foreland in the north while Craton in the south. Bachu Fault-Uplift in the frontal uplift area of the southwest depression, the two foreland slopes which formed in Tabei and Tanan, respectively, the Maigaiti slope and the Tabei uplift Cenozoic North inclined slope. The Awati and Manjiaer depressions together constitute the central depression zone. Paleo-uplift provided favorable conditions of adjustment, transformation and accumulation (Fig. 6d) . 
Profile evolutionary history
The Tarim Basin was developed as a large-scale superimposed basin upon a basement of Pre-Sinian metamorphic rocks. It experienced three stretch-convergent evolution cycles: Sinian-Middle Devonian, Late Devonian-Triassic and Jurassic-Quaternary (Xiao et al., 1996; Li et al., 1996) . The differential deformation might have a great bearing upon the development of the source rocks, the hydrocarbon accumulation epoch, the trap evolution, the distribution and preservation of the oil-gas pools (Tang et al., 2009) . The Tazhong uplift is an inherited paleo-uplift (Lü et al., 2000; from the Caledonian epoch, when Cambrian-Lower Ordovician source rocks begin to generate a large amount of hydrocarbons. This was due to the active fault movement and compression in the late Caledonian, which formed native giant anticline-hosted oil and gas reservoirs. At the end of the Caledonian, tectonism increased and the early reservoir suffered erosion and damage. After the Late Caledonian movement, the Tarim Basin had become a stable cratonic basin. In the Late Hercynian, the Tarim Basin spanned environments from marine to terrestrial. The Triassic and Jurassic strata had a wide coverage in the Carboniferous-Permian strata. The Indo-ChineseYanshan movements were of strong compressional type, during which time a large number of anticline formation traps developed. The Himalayan is the main accumulation period in the Tazhong uplift area, with voluminous Tertiary sedimentation. Thus, the Middle and Upper Ordovician source rocks initiated the large-scale liquid hydrocarbon and natural gas phase, and the resulting oil and gas then gathered in the Indo-Yanshanian with the formation of traps. With greater burial, Cambrian-Lower Ordovician source rocks provided a large number of gas sources in some areas (Fig. 7) . Generally, the evolution of the basin was conducive to multi-cycle accumulation.
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The end of Silurain Present day Figure 6 . As early as the ancient Caledonian uplift evolution cycle (Various periods of ancient Cambrian structural map).
SOURCE KITCHEN AND EVOLUTION CHARACTERISTICS OF CAMBRIAN AND ORDOVICIAN SOURCE ROCKS
Hydrocarbon kitchen concept and characteristics
Hydrocarbon kitchens refer to the range of a large number of oil and gas source rock migrations and expulsions in an interval of geologic history (Pilaar et al., 1984; Thomas et al., 1985; Pang et al., 1995) . In practice, the distribution can be quantitative by using particular oil and gas expulsion intensity centers. A period of a large number of hydrocarbon generation and expulsion events often correspond to a long accumulation period. The scale of hydrocarbon accumulation, distribution, resource potential and traps of oil and gas can be determined by the size of an effective source kitchen and the amount of oil/gas generation and expulsion ( Fig. 8 ).
In this study, oil and gas expulsive characteristics were investigated by applying a hydrocarbon generating potential method. This method was used to determine the extent of source rocks and the generation and expulsion intensity of oil and gas in a particular interval in geologic history (Pang et al., 2005) . The hydrocarbon-generating potential method is an effective way to characterize hydrocarbon kitchens, mainly from the perspective of the material balance principle, and also based on the theory of hydrocarbon expulsion threshold. This theory uses the pyrolysis evaluation parameters of source rock to analysis the hydrocarbon potential changes of source rock in the geological history. This is then used to study the characteristics of source rocks with regard to hydrocarbon expulsion and to calculate the amount of hydrocarbon expulsion (Cooles et al., 1986; Pang, 1995) . As shown in Figure 9 , the Rock-Eval S 1 and S 2 peaks represent the free and potential hydrocarbons in a rock, respectively. Thus, the (S 1 + S 2 )/TOC ratio can be used to reflect the total potential of expelled hydrocarbons. We consider that the depth at which the (S 1 + S 2 )/TOC ratio reaches its maximum value is the hydrocarbon expulsion threshold, and the maximum (S 1 + S 2 )/TOC value represents the original total hydrocarbon potential. Once the hydrocarbon expulsion model is established, the total amount of expelled hydrocarbons (Q e ) and explosive hydrocarbons intensity (E hc ) can be calculated using the following equation (Jiang et al., 2010) :
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where, Q e is the amount of expelled hydrocarbons; E hc is the amount of expelled hydrocarbons per unit area, t/km 2 ; Z is the burial depth, m; Z 0 is the hydrocarbon expulsion threshold, m; q e (z) is the hydrocarbon-expulsion rate, mg/g; ρ(z) is the source rock density, which varies as a function of depth, g/cm 3 ; TOC is the content of organic C, %; H is the thickness of the source rock, m; S is the area of the source rock, m 2 ; H is the source rock thickness, m; and S is the source rock area, m 2 . This study utilizes characteristics of variation of hydrocarbon generation potential index [(S 1 + S 2 )/TOC] during burial to determine expulsive thresholds of source rocks. The expulsive ratio, expulsive rate and expulsive efficiency also can be determined.
Cambrian and Ordovician hydrocarbon expulsion characteristics for oil and gas
ε-O source rocks expulsion characteristics
Hydrocarbon expulsion characteristics have been studied by hydrocarbon-generated potential methods. Hydrocarbon expulsion curves of Lower-Middle Cambrian and Middle-Upper Ordovician were established, respectively. For the Lower-Middle Cambrian source rocks, the threshold depth of expelled hydrocarbons is 4600 m, with a threshold of vitrinite reflectance of 1.0%. The period of expulsion peak in the Lower-Middle Cambrian source rocks corresponds to a depth of about 4800 m-5500 m (Fig. 10a) . For the Middle-Upper Ordovician source rocks, the threshold depth of expelled hydrocarbons is 4350 m, with a 0.92% vitrinite threshold reflectance. The Figure 9 . Conceptual model of the quantities of hydrocarbon generated and expelled.
period of expulsion peak in the Middle-Upper Ordovician source rocks corresponds to a depth of about 4700 m-5400 m (Fig. 10b) .
Intensity and amount of oil and gas generation and expulsion from ε-O source rocks
Combined with the above results (e.g. thickness and organic carbon distribution characteristics of Cambrian and Ordovician source rocks), the corresponding hydrocarbon expulsion rate in each geological period can be obtained by fitted formulae (1) and (2) for the hydrocarbon expulsion curves, based on hydrocarbongenerating potential. The formulae also can generate information on the expulsion intensity amounts for the two sets of effective source rocks (Fig. 11) .
Amount of oil/gas from ε-O source rock generation and expulsion
There are three main expulsion periods demarcated within the two sets of source rocks: Late Caledonian (O-S), late Hercynian (C-P) and Yanshan-Himalayan (K-Q). However, the expulsion history of the Lower-Middle Cambrian and Middle-Upper Ordovician source rocks is significantly different, as well as their contribution in the three main hydrocarbon expulsion periods. The amount of hydrocarbon expulsion in the Lower-Middle Cambrian source rocks accounted for 59.5%, 31.0%, and 6.4% of the total expulsion amount of hydrocarbon source rocks, respectively, in the three periods. These results show that hydrocarbon expulsion in the Lower-Middle The amount of expulsed O 2+3 Hydrocarbon (× 10 8 t) Figure 11 . The total of intensity hydrocarbon expelling intensity and the amount of hydrocarbon expulsion in Cambrian-Ordovician source rocks.
Cambrian source rocks was earlier. The period of hydrocarbon generation and expulsion peak is from the Late Ordovician to Silurian. A great amount of hydrocarbon generation and expulsion in the Carboniferous-Triassic was also important for early accumulation. The time of the hydrocarbon expulsion in the Middle and Upper Ordovician source rocks was later. The source rocks started to produce large amounts of hydrocarbons during the Carboniferous, with peak expulsion (35.5% of total) from the Carboniferous to Triassic. From the Jurassic to Recent, the amount of hydrocarbon expulsion accounted for 63.0% of the total amount of hydrocarbon expulsion, which is a major contribution to late accumulation (Fig. 12) .
The distribution of hydrocarbon expulsion intensity centers in different geological periods
The distribution of hydrocarbon expulsion intensity centers in different geological periods represents the evolution of hydrocarbon kitchens. It can be seen from Figure 13 that the hydrocarbon expulsion center of the Lower-Middle Cambrian source rocks gradually moved from the east Manjiaer depression to the west and into the uplift region. At the end of the Ordovician, the Lower Cambrian source rocks reached the peak of hydrocarbon expulsion. The MC1 well to the east indicated the highest hydrocarbon expulsion intensity during the Silurian-Devonian. The extent of hydrocarbon generation and expulsion had a further westward expansion, and the Awat Depression intensity increased. During the Carboniferous-Triassic, the hydrocarbon expulsion centers continued to migrate toward southwest areas, i.e. the Awat depression, Bachu-Tazhong low uplift, and southwest depression. After the late Tertiary, the basin came into a period of rapid subsidence, and the LunTai, Yingmaili, The amount of ∈ 1+2 expulsed hydrocarbon (10 8 t)
The amount of O 2+5 expulsed hydrocarbon (10 8 t)
The amount of ∈ 1+2 and O 2+5 expulsed hydrocarbon (10 8 t) Figure 12 . The amount of oil and gas expulsion in different geological periods for Cambrian-Ordovician source rocks.
and HalahaTang regions began to discharge a large amount of hydrocarbons. As shown in Figure 14 with the limited distribution of Ordovician source rocks, the hydrocarbon centers were located to the east of MC1 in the Mandong region during Carboniferous-Permian times. Then, they moved to the Awat depression, the northwest of Tazhong low uplift and Markit slopes during Triassic. They now are distributed in the Manxi region, Tazhong low uplift and parts of the Tabei uplift. Figure 15 shows that the hydrocarbon expulsion centers of the Cambrian and Ordovician source rocks were distributed in the Manjiaer depression in the Caledonian, the Southwest Depression and others in the Hercynianin, and in the Awat and Tazhong areas in the Indo-Chinese Epoch. Favorable oil and gas regions in different periods changed with the evolution of the hydrocarbon kitchens.
CAMBRIAN AND ORDOVICIAN HYDROCARBON KITCHEN CONTROL OF PETROLEUM OCCURRENCES
Oil generation and expulsion peaks
This study takes into account the fact that tectonic evolution occurred in several violent tectonic movements, that multi-period cycles of oil and gas accumulation were present, and that the amount of hydrocarbon expulsion from Lower-Middle Cambrian and Middle-Upper Ordovician source rocks occurred at different times (Lu et al., 2004) . Oil and gas accumulation is divided into four stages in the Cratonic area. The first is from the Cambrian to the Ordovician, the second from the Silurian to the Devonian, the third from the Carboniferous to the Triassic, and the fourth from the Cretaceous to the Quaternary. The results show that the oil generation and expulsion peak is good for oil and gas accumulation. The discovered oil and gas pools formed mainly during the third and fourth hydrocarbon expulsion phases during Mesozoic and Cenozoic times (Zhao and Li., 2002) (Fig. 16 ).
Hydrocarbon generation and expulsion centers
Oil/gas fields around the hydrocarbon depression formed an independent depositional unit or hydrocarbon center. The hydrocarbon generation center is a favorable place for hydrocarbon accumulation, and controls hydrocarbon generation, migration and accumulation (Hu, 1982) . Currently, the discovered reservoirs adjacent to the source kitchens are controlled by the hydrocarbon expulsion center (Fig. 17a) . Pang et al. (2008) investigated the migration distance for 73 of China's largest and medium-sized oil and gas fields. Their results show that the migration distance of large oil and gas fields is no more than 100 km, of which the distance of reservoir rocks from the source kitchen center is not more than 50 km (Fig. 17b) . The oil and gas discharged from the source kitchens is often the priority resource gathered in the first encounter traps (Bethke et al., 1991) . A change in distance from the source kitchen center indicates that the closer the source kitchen, the greater the amount of oil and gas in the gathering traps, and the greater the number of discovered oil and gas reservoirs (Catalan et al., 1992) . Based on the scope of oil and gas expulsion intensity centers of source rock strata in a reservoir interval, one can more easily delineate the maximum distance and boundaries that may form large-medium oil and gas fields. Based on the relationship between hydrocarbon reservoir distribution and source rock sedimentary center, Wang et al. (2010) presented the concept of hydrocarbon distribution threshold after studying the relations between hydrocarbon kitchen distribution and hydrocarbon reservoirs distribution in hydrocarbon-bearing basins in China and abroad. The hydrocarbon distribution threshold refers to the maximum in the Tarim Cratonic Basin, China range at which hydrocarbons can migrate in hydrocarbon-bearing basins under the control of the hydrocarbon kitchen. Three geologic conditions of a hydrocarbon kitchen control hydrocarbon distribution range: the hydrocarbon expulsion intensity center (q e ); distance between the expulsion center and reservoir formation area (L); and distance between the hydrocarbon expulsion boundary and reservoir formation area (l). To eliminate the influences of geologic conditions of different basins, the original data were standardized. Based on this, a quantitative relation model reflecting the probability of hydrocarbon formation at a point around a hydrocarbon kitchen is established by using the above-mentioned three control elements (Equation 3). Oil and gas distribution threshold geological concept model is shown in Figure 18 .
The equation of probable hydrocarbon distribution threshold is as follows: (3) where F e is reservoir formation probability at a range under a single influence of the hydrocarbon kitchen; L is distance between the standardized hydrocarbon reservoir formation area and hydrocarbon expulsion center (here L = L 1 /L 0 , where L 1 is distance between hydrocarbon reservoir and hydrocarbon expulsion center of source rocks, and L 0 is distance between hydrocarbon expulsion boundary and hydrocarbon expulsion center of source rocks); l is distance between standardized hydrocarbon reservoir formation area and hydrocarbon expulsion boundary (l = l 1 /L 0 , where l 1 is distance between hydrocarbon reservoir and hydrocarbon expulsion boundary, is positive when the hydrocarbon reservoir is beyond the hydrocarbon expulsion boundary, and negative when hydrocarbon reservoir within the hydrocarbon expulsion boundary); and q e is maximum hydrocarbon expulsion intensity of the hydrocarbon kitchen, in 106 t˙km −2 . Because the hydrocarbon reservoir in the Tarim basin is also controlled by the two factors: expulsion intensity of source rock and petroleum migration distance, most of hydrocarbon reservoirs are distributed near the hydrocarbon kitchen boundary. The Figure 19 shows that the higher Hydrocarbon-expulsion intensity may be the farther hydrocarbon migration reservoiring and the bigger reservoiring range in different accumulation stages, the ratio value which is the distance between Figure 17 . The relationship between the hydrocarbon generation center and expulsion and the distribution of petroleum. a: The hydrocarbon-generation and hydrocarbon reservoirs distribution in Tarim Basin's Cratonic Area (Jia et al., 2002 modify) ; b: the relationship between the distance migration and the larger-middle scale oil/gas field in China (Pang et al., 2008) .
hydrocarbon-expulsion center and reservoirs to the hydrocarbon-expulsion center intensity is smaller, it is more conducive to oil-gas accumulation. Reservoir control probability of two sets of source rocks in the platform zone of the Tarim Basin was calculated from Equation 3 and the planar distribution characteristics are shown (Fig. 20) . Deeper colors indicate higher reservoir control probability of source rocks. Regions with higher reservoir control probability of source rocks are distributed mainly near the central Tazhong uplift region, the Tabei uplift region, the Manjiaer sag, the Tadong low uplift region, and the Tanggu sag in the four different periods. The reservoiring probability of these areas are greater than 50%, only Maigaiti slope is lower, favorable hydrocarbon accumulation area mainly formed in the third accumulation stage.
Hydrocarbon source kitchen controls of the ratio of mixed crude oils
Quantitative predication of mixed oils should include linear or non-linear binary or ternary model utilizing hydrocarbons indices Jiang et al., 2002; Van Aarssen et al., 1999) , carbon isotopic method Santos et al., 1999) , experimental modeling and calculation of hydrocarbons expelled based on material balance principles (Pang et al., 2005) . The former researchers have already got many qualitative and quantitative achievements in the aspects of oil and gas from which sets of source rocks, or two sets of source rocks, and mixed relative contribution amount (Shi et al., 2005; Liang et al., 2000; Zhang et al., 2000 Zhang et al., , 2005 Wang et al., 2008 and Li et al., 2009) . This paper studies hydrocarbon source kitchen controls on mixed crude oils based on material balance principles (Pang et al., 2005) . (Table 2 ). The results show that phenomenon of mixed source is extensive in Tarim Basin, Ordovician source rocks have main contribution in Tazhong, Tabei low uplift, Kongquehe slope, while the Cambrian source rocks have main contribution in Awati depression, Yingmaili belt, Halahatang depression, Sangtamu fault, and they have contribution to Mark it slopes.
Prediction of mixed oil ration of relative different source by forward method
Prediction of mixed oil ration of relative different source by inverse method
Tazhong uplift in Tarim Basin is taken as an example to show that compound specific isotope is effective in mixed-oils identification , crude oil isotope are significantly heavy from Cambrian source rocks, on the contrary, they are often difficult with equation 4. The proportion of oil and gas mixed source 29 samples is analyzed in the central of Tarim Basin (Fig. 23) . It is predicated by δ13C n-alkane that, the ʦ −O 1 genetic affinity oils mixed in the Tazhong oils range in 11%-100% (average of 45%).
Mix (Ema)(%) = (δMi−δEmb)/(δEma−δEmb)*100 (4) Mix (Ema)-volume of mixed oil end-member a; δMi-Determination Isotope value of crude oil i; δEma-determination isotopic values of oil end-member a; δEmb-determination isotope value of oil end-member b.
Results Comparison
Comparison of results can be found in Table 3 , based solely on hydrocarbon source rock expulsion features to study the mixed oil and gas sources and its relative contribution. There are some limitations for multi-layer multi-source multi-purpose complex reservoir. Different accumulation periods and heterogeneity are likely important reasons to the distribution of the oil and gas district, zoning and layered. The reasons of mixed crude oils should generally be distribution superimposed of the main hydrocarbon source rocks, the overlap of hydrocarbon generation and expulsion periods and the shared some dominant migration pathway in Tazhong and Tabei area. Therefore, we must take into account on multiple factor about the oil and gas mixed C18  C19  C20  C21  C22  C23  C24  C25  C26  C27  C28  C29  C30  C31  C32  C33  C34  C36  C35  C37 C values of individual n-alkanes for oils and source rock in the Tazhong uplift and peripheral zone indicating oil mixing . Figure 23 . The relative contribution proportion of regional sources for the mixed crude oil in Tazhong.
CONCLUSIONS
(1) Results from oil-source correlation, distribution, development, evolution and geochemical characteristics all show that Cambrian-Ordovician source rocks are the main source rocks in the Tarim Cratonic Basin. (2) The burial history of the Cambrian Ordovician source rocks and tectonic evolutionary history indicate that multiple oil and gas generation and expulsion had occurred over time. (3) Hydrocarbon-generation potential hydrocarbon source method is an effective method for hydrocarbon-expulsion characteristics. The proposed method is applied in Tarim Basin to indicate hydrocarbon migration evolution. The hydrocarbon kitchens from the two sets of source rocks migrated in time and space, forming multiple hydrocarbon expulsion centers during each significant period. (4) Cambrian and Ordovician source kitchens control the distribution of oil and gas and hydrocarbon accumulation probability. The peak generation and expulsion of oil corresponds to a large-scale oil and gas accumulation period, and oil and gas around the source kitchen center. During every period the closer to the hydrocarbon generation and expulsion center, the easier it is to form middle-larger oil and gas fields. Most of the hydrocarbon reservoir probability is more than 50%, belonging to the favorable reservoiring fields. (5) Hydrocarbon accumulation regularity is complex in the Tarim Basin, and hydrocarbon source kitchen is just a single factor affecting proportion of mixed oil. After reservoir formed, they mostly have experienced multi-channel migration, multi-stage petroleum accumulation and multistage tectonic movements, and reconstruction is also in constant adjustment. Therefore, to accurately understand the changing rules of oil-gas reservoirs, we need to combine more comprehensive considerations with the geological factors.
